Interactions of cationic surfactants with a branched polymer, arabate (Ar), and a linear polymer, chondroitin sulfate (Chs), were investigated by the potentiometric technique using surfactant ion-selective electrodes. The results indicated a highly cooperative nature in the binding process of n-dodecyltrimethylammonium ion (DOTMA + ) with Chs, but not Ar, in spite of the similarity of the charge density parameter, c, between the two polymers. The cooperativity parameter, u, was estimated from the Zimm-Brag theory in the present experimental system to be 3.5 for Ar and 200 for Chs, each of which was independent of the concentration of added salt. The binding constant, K, in the case of the Chs-DOTMA + system was considerably larger than that of the Ar-DOTMA + system. This difference of binding behavior of DOTMA+ to Ar and to Chs was considered to be mainly due to the structural difference between the two polymers.
Materials
Sodium arabate (Ar) was purified from acacia senegal gums as reported previously.3) Sodium chondroitin sulfate (Chs) of the c type was purchased from Seikagaku Kogyo Co., Ltd. and used without further purification. Cationic surfactants such as n-octyltrimethylammonium bromide (OTMABr), n-decyltrimethylammonium bromide (DETMABr) and n-dodecyltrimethylammonium bromide (DOTMABr) were purchased from Tokyo Kasei Kogyo Co., Ltd. and purified by recrystallization from acetone. All the other chemicals used in this work were of reagent grade and were used without further purification.
Measurements 
Results

Precipitation of Polyanions by Surfactants
Interactions between polyanions and cationic surfactants were investigated in terms of the turbidity change measured as the optical density at 400 nm. In these experiments, we used sodium Ar and sodium Chs as polyanions and OTMABr, DETMABr and DOTMABr as cationic surfactants.
In the case of OTMABr, no precipitation and no turbidity change in the polyelectrolyte solutions occurred at any concentration of the surfactant added. On the other hand, in the case of the other two surfactants, both polyanions showed a turbidity change following precipitation in a certain concentration range as shown in Fig. 1 .
In the Ar-DETMA + system, the turbidity increases in the concentration range above the critical micelle concentration (cmc) of DETMABr (0.065 M), while in the Ar-DOTMA + system, the turbidity increases at concentrations below the cmc of DOTMABr (0.016 m). Figure 1 also showed that the concentration of surfactants needed to cause the turbidity change or precipitation was dependent on the concentration of Ar. In the case of Chs, the Chs-DETMA + and Chs-DOTMA + systems both showed similar behavior to that found in Fig. 1 , but in each system, the turbidity change of the Chs solution started at a very low concentration of the added surfactant compared to the case of Ar solution. These results indicated that the interaction of polyanions with cationic surfactants depends on the characteristics of the polyions and on the carbon number of the side chain in the surfactant molecule, which is similar to the results reported on anionic surfactants.7)
Binding Isotherms of Cationic Surfactants to Polysaccharides
The amounts of three cationic surfactants bound to Ar and Chs were determined by using the cationic surfactant-selective electrode, and the results obtained are shown in Figs. 2-4. In Fig. 2A , EMF, the response of the PVC membrane electrode to OTMA+ , is plotted against the concentration of surfactant, log mD, where the solid line indicates the calibration curve for OTMABr. It is clear from Fig. 2A that the electrode response curves in the presence of Ar and Chs were identical with each other and that the observed values of EMF deviated from the calibration curve. The deviation is considered to reflect the binding degree of surfactants to the polyanion at the corresponding equilibrium molar concentration of surfactant, mfD, as illustrated by the dotted line in Fig. 2A binding site on the polyion, and u the cooperativity parameter. As Ku can be seen as the binding constant between a surfactant and a site adjacent to the site already occupied by a surfactant ion, k Tln Ku corresponds to the free energy which can transfer the surfactant ions from the bulk solution to the polymer-surfactant complex. When u is larger than unity, the proposed model means that the first surfactant bound will help the second surfactant to bind to a site adjacent to the site already occupied by the first surfactant ion. With reference to the cooperative binding process described above, the following relations for the degree of binding, 
